ERK1 and ERK2 regulate embryonic stem cell self-renewal through phosphorylation of Klf4.
Understanding and controlling the mechanism by which stem cells balance self-renewal versus differentiation is of great importance for stem cell therapeutics. Klf4 promotes the self-renewal of embryonic stem cells, but the precise mechanism regulating this role of Klf4 is unclear. We found that ERK1 or ERK2 binds the activation domain of Klf4 and directly phosphorylates Klf4 at Ser123. This phosphorylation suppresses Klf4 activity, inducing embryonic stem cell differentiation. Conversely, inhibition of Klf4 phosphorylation enhances Klf4 activity and suppresses embryonic stem cell differentiation. Notably, phosphorylation of Klf4 by ERKs causes recruitment and binding of the F-box proteins βTrCP1 or βTrCP2 (components of an ubiquitin E3 ligase) to the Klf4 N-terminal domain, which results in Klf4 ubiquitination and degradation. Overall, our data provide a molecular basis for the role of ERK1 and ERK2 in regulating Klf4-mediated mouse embryonic stem cell self-renewal.